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Abstract. This paper investigates the performance of rice husk ash (RHA) in a fine grained mortar. 
RHA produced from control combustion of rice husk. Fine grained mortar (FGM) is a mortar 
containing fine sand with a maximum size of 1mm. Chemical composition of RHA and Ordinary 
Portland Cement (OPC) were investigated using XRF in order to know the silica content in these 
materials. The particle size of RHA was analyzed to make sure it fineness is same with OPC after 
grinding. Compressive and flexural strength of FGM were tested on mortar prism for size 40mm x 
40mm x 160mm with replacement of RHA 10%, 20% and 30% by weight of cement at 7 days and 
28 days of curing. All 24 specimens of FGM were caste and tested. The flexural strength, 
compressive strength of FGM have shown quite encouraging and interesting results. The optimum 
replacement of RHA in FGM from compressive and flexural strength is 20% by weight of cement. 
 
Introduction 
Utilization of agricultural waste material are required in the sustainable development of the 
concrete industry. Used of OPC as a binder in concrete become one of the reason the concrete are 
not sustainable. The production of Portland cement is a major contributor to greenhouse gasses with 
emission of carbon dioxide [1]. Some of the commonly agriculture waste material are RHA, palm 
oil fuel ash and bagasse ash. These wastes can be used as a supplementary cementing materials in 
concrete[1-4]. 
Rice husk is one of the waste material from agricultural industry. Rice husk is the outer shell of 
rice grain. Rice husk is generate from rice milling industries and it is known agro industrial by 
product in the world [16]. About 500 million tons of paddy are produced annually in the world. 
RHA is obtained from controlled and uncontrolled burning of rice husk. 100 kg of rice husk can 
produce about 20 kg of RHA. It is estimated around 20% of rice husk become RHA[1,5,6]. RHA 
recently become one of pozzolanic material. Pozzolanic material is a siliceous and aluminous 
material which in itself have little or no cementitious value, but will in finely divided with the 
presence of moisture. It will chemically react with calcium hydroxide at ordinary temperature during 
hydration of Portland cement [15]. RHA are contained about 80 to 95% silica, which is highly 
reactive in different temperature of incineration [6-8]. Numerous study to know the strength of 
concrete and mortar with optimum replacement level 10% to 30% of OPC by RHA [4,5,8,9,10].  
Fine grained mortar (FGM) is a combination of cement, fine sand and water. The specialty about 
FGM is using small maximum grain size of 1mm [11-13]. Due to a very small diameter of grain 
size, it have possibility to get a new, very thin mortar and concrete element as application for the 
new material [14].  Most of the previous study [4,15] focusing on the replacement of pozzolanic 
material in mortar, a study on the need of pozzolanic material especially RHA in FGM is still 
 lacking. FGM using fly ash as a partial replacement of OPC have been applied and it was identified 
that 20% replacement gives higher strength [12]. 
 
Materials and Mix Proportions 
 
Materials 
 FGM is a special binder system which is achieved by using small maximum grain size of 1 mm. 
FGM mixed are content of OPC, RHA, fine sand, water and superplasticizer. The cement used in 
this investigation consists of market available that is OPC. Fig.1 shows the production of RHA from 
rice husk until it becomes a powder. RHA produced from control combustion in 600ºC temperature 
of rice husk collected from Muar, Malaysia. After the burning process, RHA was grounded for 5 
minutes by using a ball mill grinder. This machine consist of rotating drum up and down with 12 
steel balls in the drum for grinding. After grinding process, RHA in the form of powder was tested 
by using particle size analyzer to make sure RHA is 97% and above passing sieve 45µm same with 
OPC. Fig.2 shows the particle distribution produces from particle size analysis for OPC and RHA. 
From fig. 2, it reveals that the fineness of RHA is same with OPC after 5 minute grinding processes 
and can be used in FGM. 
            
                                      (a)                                (b)                                (c) 
Fig.1 RHA production; (a) Rice husk, (b) Burnt RHA and (c) ground RHA. 
 
 
Fig. 2 Particle size distribution for OPC and RHA 
 
 The chemical composition of OPC and RHA as tabulated in table 1. From table 1 it can be seen 
that RHA have highly siliceous (SiO2 96.00%) compared to OPC (SiO2 16.40%).  
 
Table 1. Chemical composition of OPC and RHA 
Chemical Composition RHA (%) OPC (%) 
SiO2  96.0 16.40 
Al2O3  0.38 4.70 
Fe2O3 - 3.70 
CaO 1.26 69.60 
MgO 0.47 1.22 
K2O 0.86 0.67 
SO3 0.27 2.65 
LOI 4.0 2.2 
 Mix Proportions 
      In this study, FGM mixed have been chosen with ratio 1:3 represented 1 for cement and 3 for 
fine sand. For cement ratio, cement is combined with different percent replacement of RHA. RHA 
replacement levels 0 – 30% by weight of cement are prepared. The water to binder ratio was kept 
constant at 0.5. The superplasticizer content is 1% by weight of cement to maintain the workability 
of FGM. 40mm x 40mm x 160mm prism moulds were used for casting. The FGM was left in the 
mould and allowed to set for 24 hours before the prism were de moulded and placed in the curing 
tank. FGM prism was cured in the curing tank for 7 and 28 days for flexural and compression test. 
FGM were prepared 3 samples for every percentage and days. The mix proportions of FGM for 3 
samples are given in table 2. 
 
Table 2. FGM Mix proportions  
No Specimen Cement 
(g) 
RHA (g) Fine sand 
(g) 
Water binder 
ratio (ml) 
Superplasticizer 
(ml) 
1 Control 150 0 450 75 1.5 
2 RHA 10 135 15 450 75 1.35 
3 RHA 20 120 30 450 75 1.2 
4 RHA 30 105 45 450 75 1.05 
 
Methods 
 
Flexural and Compressive Strength of FGM 
       
      Flexural strength of FGM was investigated using the Instron testing machine. The standard size 
of FGM specimen was 40 mm x 40 mm x 160 mm. Test specimens were tested immediately after it 
is removed from water while they are still in wet condition. The flexural test was performed on three 
point loading system. Fig.3 shows Instron machine used to test the FGM specimen. For compressive 
strength test, the flexural testing specimen split into 2 parts were used. Fig.4 shows compressive 
testing machine used in this investigation. 
 
 
Results and Discussion 
 
Flexural Strength of FGM 
      Table 3 shows the results of flexural testing of FGM. It is observed that the flexural strength of 
FGM was increased by 10% and 20% replacement compared to the control specimen. But in 30% 
replacement, the flexural strength was decreased. The maximum flexural strength was obtained at 
20% replacement of RHA with result 4.37 N/mm2 at 7 days and 6.66N/mm2 for 28 days compared 
to control FGM. 
 
 
 
 
 
 
 
 
 
Fig.3 Instron machine for flexural testing 
 
 
 
 
 
 
 
 
Fig. 4 Compressive testing machine 
 
 Table 3. Result of FGM flexural strength  
 
 
 
 
 
 
 
 
 
 
 
 
 
Compressive Strength of FGM 
      The compressive strength development at 7 days and 28 days is given as in Table 4. The result 
shows the compressive strength at 7 days were comparable except for 30% replacement. While at 
the age 28 days, FGM with 20% replacement shows higher in strength compared to control FGM 
with result 50.06 N/mm2 for 20% RHA replacement FGM and 43.08 N/mm2 for control FGM. This 
is due to the fineness and higher silica of RHA allowed to increased the reaction with Ca(OH)2 and 
produce more calcium silicate hydrate (CSH) and contribute to the higher compressive strength in 
FGM [10]. It is also noticed that FGM with replacement of 10% achieved slightly lower values of 
compressive strength because of the amount of RHA is not adequate to enhance the strength [10].  
 
Table 4. Result of FGM compressive strength  
 
 
 
 
 
Conclusion 
    RHA used in this study is efficient as a pozzolanic material because it contains higher in silica 
content (96.00%) and its fineness are similar with OPC after grinding process in 5 minutes. RHA 
can be used as a partial cement replacement if FGM. The flexural and compressive strength of FGM 
with 20% replacement RHA give an optimum strength. Use of high volume RHA in any 
construction work as a partial replacement of cement, provides a lower impact on the environment 
because it can reduce the production of cement. Other than that the amount of agricultural waste 
such as rice husk can be reduced by utilization in the concrete industry. 
 
 
 
Specimen RHA replacement 
(%) 
Average flexural 
strength 
(N/mm2) 
7 days 0 3.59 
10 3.90 
20 4.37 
30 2.58 
28 days 0 4.62 
10 5.29 
20 6.66 
30 4.55 
Specimen RHA replacement 
(%) 
Average 
compressive 
strength 
(N/mm2) 
7 days 0 28.13 
10 26.42 
20 28.13 
30 17.08 
28 days 0 43.08 
10 39.73 
20 50.06 
30 26.65 
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